In this paper, a method of super-resolution image reconstruction based on wavelet transform and edge-directed interpolation is put forward. Firstly the low resolution image is decomposed by the stationary wavelet transform; meanwhile, the image obtained from edge-directed interpolation is decomposed by discrete wavelet transform, then the three high frequency sub bands obtained through stationary wavelet transform and discrete wavelet transforms are fused. The fused three high frequency sub bands are denoised. Finally the reconstructed high resolution image is gotten by invert wavelet transform. Experimental results show that this method can improve the quality of the reconstructed image with superior PSNR than the traditional methods.
Introduction
 Super-resolution image reconstruction technique is to process low resolution images of single frame or multiple frames in order to obtain relatively high resolution images. This technique has been widely applied in the fields of video surveillance, seismic exploration, satellite remote sensing, medical imaging and image processing [1] [2] [3] [4] .
Image super-resolution technology can be divided into two classifications: frequency domain method and spatial domain method. The most common algorithm of super-resolution image reconstruction is method based on interpolation, such as nearest neighbor domain interpolation, bilinear interpolation, bicubic interpolation, etc. Interpolation algorithm has the advantage of simple intuition and lower computational complexity, but it doesn't produce an ideal effect, since essentially there is no increase of image information. Therefore, in this paper, we adopted the edge-directed interpolation, which can improve the edge blur and texture of the image when Corresponding author: Yingying Zhao, master, research fields: wavelet analysis and signal processing. E-mail: 997868718@qq.com. compared with traditional interpolation methods. In addition, the interpolation algorithm is combined with other methods like wavelet transform [5] . A method of super-resolution image reconstruction based on wavelet transform is put forward [6] , Firstly perform wavelet transform on the low resolution images, make edge-directed interpolation in wavelet domain, and then use the wavelet inverse transformation to get the reconstructed super-resolution image, which shows more information including rich details. But the experimental results show that the super-resolution reconstructed images based on wavelet can have block effect, this is because of the wavelet coefficient is estimated according to blocks.
Compared with discrete wavelet, stationary wavelet transform has better stationary invariance advantage, so the reconstructed image is more approximate to the original images than discrete wavelet [7] . super-resolution algorithm, fuse wavelet coefficients of stationary wavelet transform and discrete wavelet transform, and denoise each sub-image through threshold, finally get reconstructed high resolution image by inverse wavelet transform.
The remainder of this paper is organized as follows:
In the Section 2, mathematical model of high resolution image is simply introduced; Edge-directed interpolation is discussed in the Section 3; In the Section 4, super-resolution reconstruction based on wavelet transform and edge-directed interpolation is studied; In Section 5, experimental results are discussed. And the conclusion is given at the end of this paper.
Mathematical Model
In the process of acquiring images, the motion blur is caused by the spread of light, the geometric deformation of an object in the process of movement and the insufficient sampling due to the influences of the hardware conditions can all lead to low image resolution. According to classical super-resolution reconstruction model, assume that the observed low resolution image can be described in the following equation:
In this equation, y is the observed low resolution image, x is the unknown high resolution image, F is geometric transform matrix, H is motion blur matrix, D is down sampling matrix, n is random noise assumed to be Gaussion noise. The purpose of the super resolution reconstruction is to estimate the unknown high resolution image from the known low resolution images through Eq. (1).
Generally, due to the sparsity of drop mass matrix in reconstruction models, regularization method is usually used in solving Eq. (1). By adding regularization constraints to eliminate illposedness, the problem is translated into following an optimization problem.
In this model, the first item is the data fidelity term which represents fitting degree between the images to be estimated and the real high resolution image; ) (x J is the regularization term providing proiri informations of the image,  is the regulation parameter which is used to balance the previous two terms.
Edge-Directed Interpolation
High resolution images obtained through traditional interpolation algorithm may blur the edge and the texture of image. In order to overcome these shortcomings, an interpolation algorithm preserving the edge, an edge-directed interpolation based on least-squares method is proposed, which improves the edge of the interpolation and obtains good results [8, 9] . 
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In the above formula,  is the parameter, and we can get it by least square method through the relations between the known
. Because there are similar local structures between low-resolution images and the high-resolution images, we have Edge-directed interpolation algorithm overcomes the deficiency of the traditional interpolation algorithm to a certain extent, and improves the image block effect and the image edge blurr. The image obtaind through this method is improved significantly.
Super-Resolution Reconstruction Based on Wavelet Transform and Edge-Directed Interpolation
Combining the advantages of edge-directed interpolation and the wavelet transform, a super-resolution image reconstruction algorithm based on wavelet transform and edge-directed interpolation is put forward. Edge-directed interpolation algorithm, superior to traditional interpolation algorithms, improves the edge blurr effect and the sawtooth effect. Integrate the high frequency sub image in three directions (horizontal, vertical and diagonal direction) generated respectively by discrete wavelet and stationary wavelet transforms [10] . Noise of the fused high frequency sub image is suppressed by threshold method. Finally taking the original low resolution image as low frequency sub image, the reconstructed high resolution image is gotten through invert wavelet transform. This process is as shown in Fig. 3 .
The reconstruction steps of high resolution image based on wavelet transform and edge-directed interpolation are as follows:
(1) input low resolution image y .
(2) Decompose y by the stationary wavelet transform, 
Experimental results
We take PSNR as the quality index of reconstruction. The higher PSNR is, the better quality of the reconstructed image is. PSNR can be defined as , and then use linear interpolation, edge-directed interpolation, wavelet transform and the method proposed in this paper to reconstruct high resolution images. Results are shown in Fig. 4 and Table 1 . We can see from the data in Table 1 that the method proposed in this paper provides higher PSNR and better image edge information than the other three ones.
Conclusion
In this paper, a method of super-resolution image reconstruction based on wavelet transform and edge-directed interpolation is put forward, which effectively keeps the image edge details by making full use of the advantages of stationary wavelet transform and edge-directed interpolation. It is superior to traditional algorithms from both subjective visual effect and objective measurement 
